In this study, a mold is designed in single and dual type of gate in order to investigate the deflection of warpage for thick component in injection molding process. Autodesk Moldflow Insight software was used as a medium for experimental tested. Nessei NEX 1000 injection molding machine and P20 mold material details were entered in this study to get more accurate data on top of Acrylonitrile Butadiene Styrene (ABS) as a molded thermoplastic material. Taguchi orthogonal array, analysis of Signal to Noise (S/N) ratio and Analysis of Variance (ANOVA) were implemented to get the best combination of parameter and significant factor that affect the warpage problem for both types of gates. Coolant inlet temperature, melt temperature, packing pressure and packing time are the selected parameter that used in this study. A conformation test is conducted to verify the combination parameters optimized. From the result, multi gates used was founded that can decrease the deflection of warpage for thick product. From ANOVA, the most significant factor is melt temperature for single gate, and coolant inlet temperature for multi gate. Packing pressure and packing time were slightly influence on warpage problem for both studies.
Introduction
One of common defect in plastic injection molding process was a product deflection or called warpage. Deflection of a product was measured in x-axis, y-axis, z-axis or all direction depending on requirement of the product used. Warpage problem was categorized in aesthetic properties in injection molding process [1] . It was very importance to show the appearance of a product developed as well as to ensure the product ability to be assemble well.
There were four factor that effected warpage such as; (a) shrinkage differences between local points; (b) non-uniform crystallinity, due to cooling rate differences; (c) differential shrinkage caused by fiber orientation if materials are reinforced with mineral additives; and (d) unsymmetrical cooling as it occurs at corner of the part where polymer accumulation, or due to the different material of inserts or mold zones [2] . To overcome this issue, many studies were conducted by academicians and researchers in order to reduce warpage problem in injection molding process.
R. Sánchez et al. [2] were focused on cooling parameter effects towards warpage contribution for box and plastic glass components. The results founded that cooling time was the more significant parameter to reduce warpage followed by melt temperature and coolant flow rate. Cooling effects also investigated by Kovács and Sikló [3] at corner of plastic component molded by injection molding process. The analysis showed that temperature difference appeared between core and cavity sides of the mold and caused the differential shrinkage of the molded parts. On the other hand, Z. Shayfull et al. [4] investigate the thermal distribution of Milled Grooved Square Shape (MGSS) conformal cooling channels compared with circular straight drilled cooling channel for front panel and founded that the variations of thermal distributions were improved within 12 to 50% and cooling time was shortened within 6 to 8%.
Nowadays, parameters optimization method was broadly used by researcher to improve warpage. For examples, Taguchi optimization method [5] [6] [7] [8] [9] [10] , Response Surface Modeling (RSM) [11] [12] , Genetic Algorithm (GA) [13] , and Back Propagation Neural Network (BPNN) [14] [15] and been used for warpage minimization. All the techniques used were significant to reduce warpage by combining the suggested parameters after optimization. Optimizing model created using BPNN or RSM also can be used in injection molding application.
In this study, Taguchi optimization method was chosen as an improvement techniques to improve the aesthetic properties (minimize warpage) problem for thick product. Additionally, two type of gating system (single gate and nulti gate) were proposed and the warpage results were compared each other in order to get the best parameter setting for lowest deflection of warpage. This experiment was analyzed using Autodesk Moldflow Insight (AMI) software.
Experimental Method
Mold Design. Before designing a mold, types of injected material must be specified in order to design the sprue, runner, gate and cooling. Shrinkage factor also must be considered in designing a mold.
In this study, a two plate mold was chosen and the mold design was refer to ISO 294-1:1999(E). Therefore, all suggestion in that document had been followed. Two types of gating system are shown in Fig.1 (a) and (b) respectively have been used. The thickness of component is 4mm and the diameter of cooling line is 8mm.
For gating system and components, 3D mesh was used for both single and multi gates. As much as 345,914 of tetrahedral elements were created for multi gates gating system and 333,939 for single gates where mesh thickness was set at 2.5mm for both of them. Beam elements were used for cooling lines. Mold Material and Injected Material. P20 Mold Steel was chosen for mold insert material for this study. ABS material with trade name as Polylac PA-777B from Chi Mei Corporation had been used as a plastic material for the component. Properties for both types of material are shown in Table 1 and 2 respectively. Injection Molding Setup. In this experiment, Nessei NEX1000 injection molding machine specification had been setup in AMI software in order to get more accurate results. Detail of the specification setup was shown in Table 3 . Experiment Set-up. In injection molding machine, a lot of parameters need to be setup to make the machine running well and produce quality products. From previous studied, mold temperature, melt temperature, packing pressure and packing time were founded that provides significant effect for warpage problem in injection molding process [5] [6] , [10] , [17] [18] . Thus, for this study coolant inlet temperature, melt temperature, packing pressure and packing time are selected parameters in order to improve the warpage problem. Mold temperature is replaced by coolant inlet temperature because mold temperature is depended on coolant inlet temperature and the coolant layout. Based on these factors, L9 Orthogonal Array (OA) is chosen for both single gate and multi gates. The selected levels from each factor are shown in Table 4 and the combination parameters of OA for each trial are shown in Table 5 . This OA are used for both type of gates and consists of 9 experiment trial for every type of gate. Parameters  A  B  C  D  A  B  C  D  Trial 1  25  220  40  6  25  220  30  10  Trial 2  25  245  55  8  25  245  40  12.5  Trial 3  25  270  70  10  25  270  50  15  Trial 4  45  220  55  10  45  220  40  15  Trial 5  45  245  70  6  45  245  50  10  Trial 6  45  270  40  8  45  270  30  12.5  Trial 7  65  220  70  8  65  220  50  12.5  Trial 8  65  245  40  10  65  245  30  15  Trial 9 65 270 55 6 65 270 40 10
Analysis of Results
Taguchi Method. Taguchi method is applied to determine the output warpage based on the process parameters setting. The measured deflection of warpage values are shown in Table 6 . The S/N ratio is used by Taguchi to measure the quality characteristic deviating from the desire value [8] . In this study, the smallest of S/N ratio will consequence the best quality of results. The equation to obtain the values of S/N for "smaller the better" is shown below:
Where, y = Observation = No. of tests in a trial
The examples of average S/N ratio calculations for factor A with single gate were shown below and the results of S/N ratio for the each gate are summarized in Table 7 . Analysis of Variance (ANOVA). ANOVA analysis is used in order to find the significant factors that contribute to the warpage problem. The variables involved include degree of freedom (f), sums of square (S), variance (V) and F-ratio (F), in order to get highest value of percentage contribution (P). ANOVA analysis starts with calculation for degree of freedom, f as an example below:
Total degree of freedom, f :
Where is the number of trial.
For Factor A, = − 1 (4)
Where k is the number of level for factor A.
For Error, = − + + + ) For Variance Error, = = = 0 (11)
Then the F-ratio, F for all factors is calculated and the example of calculation is shown below:
F , F , F and F can not be determined as V = 0.
After that the Percentage Contribution, P A for all factors is calculated and the example of the calculation is shown below. Conformation Test: A conformation test is then conducted based on the results from Taguchi analysis performed before. The purpose of conformation test is to validate the results from Taguchi optimization technique. The results then compared with lowest warpage value in trial run result.
Results and Discussion
Comparison of Single and Multi Gates. Generally, from results shows in Table 6 , the molded part using multi gates contributed lower warpage compared with single gate. From Fig.2 , the values of warpage for both of them are much difference where multi gated mold shows the best option in order to minimize the warpage. Thus, warpage problem can be improved when multi gate is used where flow length of multi gates are shorter than single gate.
Fig. 2. Differential Results of Warpage for Each Trial using Single and Multi Gates
Optimization using Taguchi Method. The optimal set of process parameter for single and multi gates are shown in Table 8 . The best set of parameters can be determined by selecting the significant factors that affects to warpage in Table 7 . The significant factor can be found by selecting the highest S/N ratio for every parameter stated. Results for S/N response also had been visualized in Fig. 3 and 4 for each factor. 
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Advanced Materials Engineering and Technology II Table 9 and 10, the results of maximum percentage contribution (P) show the most significant factor that affect the warpage value. Thus, for single gate, the highest factor that contributes towards warpage is melt temperature (66.55%), followed by coolant inlet temperature (23.46%) and the least contribution is packing pressure (2.97%). Moreover, from observation, the most significant results tested on multi gate are coolant inlet temperature (70.81%), and packing time being the least (2.00%). The results shows the coolant inlet temperature and melt temperature are the most significant factors contribute toward warpage problem for both single and multi gates. Conformation Test. From S/N ratio in Taguchi optimization method, a set of best combination parameter to minimize a warpage have been suggested in Table 8 for both gates design. From the suggested results in Table 11 , warpage value was found as the lowest decrease compare to the other trial run for both single and dual gates. Therefore, Taguchi optimization technique can be used for warpage optimization for thick product whether it was molded with one or multi gates. 
Conclusions
The comparison results of warpage using single and multi gates was identified that multi gates used was produce a better warpage value for thick componen. Then, the best set of parameters for minimizing the warpage problem of thick product had been identified using Taguchi method by analyzing the Signal-to-Noise (S/N) ratio for each parameter used. A combination of parameters for each type of gate was verified using conformation test. From the conformation test, the warpage deflection shows a lowest value for each type of gate. Therefore, the objective to make the lower deflection of warpage was satisfied. From ANOVA analysis, for single gate, the highest factor that contributes towards warpage is melt temperature (66.55%), followed by coolant inlet temperature (23.46%) and the least contribution is packing pressure (2.97%). Moreover, from observation, the most significant results tested on multi gate are coolant inlet temperature (70.81%), and packing time being the least (2.00%).
